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H 1. Introduction 


A. Foatures. 

This program uses the Apple ll nigh resolution graphics 
capabilities to draw detailed graphs of functions which you define 
in Basic syntax. The graphs appear in a large rectang:e whose 
edges are X and Y scales (with values labeled by up <2 6 digits). 
The rectangle can be considered a “window” through whch you 
iook at the infinite two-dimensional plane, you can specify tre 
position and size of this graphic window. Graphs can 52 superin 
posed, erased, and even drawn as dashed {rather inan soit 
curves. Two functions at a time are stored in the program, anc 
various transformations can be applied to one of therr H 
stretching or compressing (change of scale), and sliding (transia- 
tion). Commands to the program ara two letter accreviatio 
which are summarized tn a “menu” at the top of the text display. 
The bottom of the text display is a scrailing window conta 
the alphanumeric input to and output from the progra™:. nd 
switch back and forth at will between the text disoiay and t 
graphic window. For your convanience in using the program white 
displaying the graphic window, the program's requests for com: 
mands or different types of parameters are prompted oy different 
patterns of tones. 
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B. Purpose. 


This program makes possible a visual, intuitive, and experi 
tal approach to topics in algebra, trigonometry, and a : 
geometry that many people find difficult! to assimilate #wr27 
presented in a primarily symbolic fashion. Perhaps more impo 
tantly, the program can be a vehicle for integrating the com 
plementary intuitive and analytic/symbolic approaches; intuito> 
‘and visualization, tor example, can be used to help streng 
symbol manipulation skills. 











C. Sample Applications. 


1. To tind solutions to the equation f(x} = 0, you can graph tre 
function y = {{x) and look for where it crosses the X axis. You ca” 
take successively closer jooks at an X axis crossing (by specity- 
ing successively smaller windows), until you can read {hat Solu 
tion from the graph to the accuracy you desire. (This graphic a> 
proach corresponds closely to widely used techniques for 
numerical solution of equations.) 
2. To get experience in recognizing and transforming graphs anc 
deriving formulas for them, you can have someone enter 2 
“mystery” function, whose graph you will try to’ match. (The 
mystery function will probably be drawn as a dashed curve.) Your 
strategy will be 
a) to decide what function or graph you know thatis similar to the 
mystery function, 
b) to enter its formula and graph it (see the illustration above), anc 
then ° 
¢} to try to transform its graph so that it coincides with the grapn 
of the mystery function. You may do this as a sequence of steps: 
for each step you will 
}) choose and enter a transformation that will make the recently 
drawn graph more nearly the same as the graph of the mystery 
function, 
fl) nave the system erase the recent graph, and 
li) nave tha systern graph the newly transtormed function. 
When the known function has been transformed into the mystery 
function and is then graphed, its graph will fi!i in the gaps in the 
graph of the mystery function (if the mystery function was 
. Ofiginally drawn as a dashed curve). You can inen derive the for- 
mula for the mystery function using the table of transformations 
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and their effects on formulas given later in this booklet. 


a 

Note: If graphs or their numerical labeling took strange, you mar 
be using an early version of cassette or disk Applesoft i. See yoo" 
Apple dealer to obtain a later version. 


fia enn 
Note: For information about articles and workbocks relating °° 
this program, contact the author 
Prof. Don Stone 
Department of Mathematics and Computer Science 
Glassboro State College 
Glassboro, N.J. 08028 


_ 
Graphing Commands. 


GR: GRaph. Graph the current function. (The current functioe § 
function 1 when the program is started. You can switch oacK 27> 
forth between functions by using the commands F1 and F2. 
graph is constructed of short line segments connecting pcin"s 
whose coordinates have been caiculated from the formuia c3° ~ 
ing tha function. (if any part of such a line segment would fal o> 
side the graphic window, the segment is not drawn.) When 
first graph Is drawn or if the window's position or size has & 
redefined since the last graph was drawn, the screen wii 
cleared and the window border wil! be traced out and face 
before the graph is drawn. (if the window has not been redet: 
since the jast graph was drawn, the new graph will be supert- 
posed on the current contents of the window.) 

QD: Graph Dashed. Graph the current function as a dashed Cu? 
(Otherwise the same as GR.) 

ER: Erase. Erase the most recenily drawn gvaph. 

EO: Grase Old. Erase the graph drawn before the most rece™ 
Note: a graph wil! not be erasad by these commands if the ¢ 
graphing resolution (set by CR) is different trom the grarh 
resolution under which the graph was drawn. 

cR: Change (graphing) Resolution. This changes (for succeacirs 
graphs) the number of points which are caiculated, ploties cc 
connected to form the graph. (Specifically, the nut 
parameter for CRis the number of points for each of the eig 
jor horizontal divisions.) Relatively smooth functions can >? 
graphed weti with a resolution of 5 or tess. (5 is automatically ihe 
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Initial resolution.) Note: do not attempt to change grash 
resolution before graphing any functions; this wipes out t 
gram (and cassette Applesoft). 

Xi: X-Interval. This command allows you to define the Xinterv2 
which will be covered by the graphic window when the neat ¢ 
ig drawn. (The original X interval is ~ 4 to 4.) Note: this comman> 
does not change the current graphic display. 

Yl: Y-Interval. This command ailows you to define the Yi 
which will be covered by the graphic window when the next => 
is drawn. (The original Y interval is — 15 te 15.) H you want the X 
and Y dimensions to have the same scale, the Y interval should De 
% ot the X interval; for examole, the Y interval might de -—3te 3 
when the X interval is — 4 to 4. 

YM: Y-int. Min, & Max. This command specifies that the Y interns: 
should go from the minimum value (in the current X interval} of 
function being graphed to the maximum vaiue (in the current X 
terval). This is convenient if you don’t have a precise idea of tre 
range of function vaiues in the X interval of interest. Note that t-'s 
command causes the screen to be claared before each crash .s 
drawn; thus graphs cannot be superimposed when it is in erect. 





















Note that the labels for the Y scale (and the X scatej in the graph: 
window cannot have more than § or 6 digits (depending on tre 
sign). lf a label value is too large to fit in the allocated space. ¢ 
dashes are printed in that space. However, the positions in 
graphic window that are aligned with the unprintabie label w 
" still correspond to the value that couldn't be printed, and tn 
graphing commands can still be used in a normal way. 






itl, Miscellaneous Commands. 

TE: TExt. This causes the command menu and scrolling teat wir 
dow to be displayed. 

Note: an attempt to graph or evaluate certain functions for carta’ 
values of X may produce Applesoft error messages tixe DIVISION 
BY ZERO, ILLEGAL QUANTITY, or OVERFLOW. If you hear tne 
“blip” from Applesoft indicating this kind of error while you are 
viewing the graphic window, you must type TEXT (rather than ;ust 
TE) to retrieve the text display and see what the error was. 

GW: Graphic Window. This causes the current graphic window ic 
be displayed. 

ST: SYop. This stops the program, adjusting the text display so 
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that the entire screen scrolis. 

. EV: EValuate. This instructs the system to evaluate the : 
function for the value of X you supply as the numerical pai 
F1: Function 1. This makes function 1 the current function 
mands such as the graphing or transformation commands «7 32> 


ply to it. 









F2: Function 2. This makes function 2 the current functics | 
that transformations cannot be apaiied to function 2. 
CF: Change Function definition. This command allows 
change the formula defining the current function. A tur 
detined with one or more Basic statements. (An example :s 
when the command is entered.) You shouid remember * 
plesoft !| has a non-standard precedence ordering: the fur 
defined by the formula Y = — X? + 4% must be written f 
plesoft las Y = ~ (Xa2) + 4 X. since negation has 3° 
precedence than exponentiation. Functions can be datines « 
more than one statement and even with mere than one hae 
example, the step function which is 0 when X<0, Dut is 7 we 7S 
X> 0 could be defined as 250Y = O:IF X> = 0 THEN Y = 7 
Similarly, the top half of a circle of radius slightly more tho" © 
could be defined as 250 Y = 10A7 IF Xe = = 2.0000" AND 
X<= 2.00001 THEN Y = SQR(4.0C004 - Xa2} 

The purpose of the beginning of the definition is to give Y a ¥5.~= . 
outside of the Y interval, So that nothing will be graphed wes t7 7 
absolute value of X is greater than the radius of the circle. 7 
of 2.00001 and 4.00004 rather than 2 and 4 is to avoid fosing 
the graph due to truncation or roundott error. Note that tr 
tom hatf of the circle can be obtained as a vertical ratiection 
top half. (This works even when thé slide transtormations 
effect, because of the order in wnich the transformalrices 
done.) 


















Note: Since the CF command actually stops the program, 2° 
kinds of data are stored to provide the context for the operate” © 

the program after it has been restarted. The contents er ane ¥ 
graphic window, of course, are saved, as are the current gray . 
resoiution, which function is current, and the ends of tne Xara’ 
intervals. Other information is saved for possibia use in e735: 
graphs, etc. Transformations are not saved, but are reset ioren 
you are changing the definition of function 2). 















. Transformation Commands 
Generali Comments: 

These transformations do not affect graphs already drawn 
Their effects become apparent the next time tnis function + 
graphed or evaluated. (The transformations can be applied 9. 
function 1; if function 2 is current when a transforma 
specified, an error message will be the only result.) The traxs‘or 
mations are cumulative, and when function 1 is grapnées or 
evaluated, the current transformations are always applied to ihe 
function in the order: reflect, stretch-compress, then slide. The 
transformations are reset to the identity transformations Sy ine 
command RT and {as a side effect) by CF. 

For discussions of transformations, see the references usted 
later. The table following this section gives the effects on for- 
mulas of the transactions availabie in this program, | belive that 
the table has been made more comprehensible by restricting the 
available transformations to ones which are purely horizontal or 
purley vertical, i.e., transformations which ghange the X ccor- 
dinates of all (or almost all) points while changing the Y soor- 
dinates of none, or vice-versa. . 

Commands 

RE: REflect. This reflects function 1 horizontally (about the Y 
axis) or vertically (about the X axis). i 
$C: Stretch-Compress. This stretches or compresses function 1 
horizonally or vertically by the amount specified. An amount b2- 
tween 0 and 1 gives a compression, while an amount greater than 
1 gives a stretch. A vertical stretch-compress by a factor of 3, tor 
example, triples all vertical distances but preserves horizonta! 
distances. For a horizenta! stretch or compress the Y axis is the 
fixed line (the set of points which are not moved by the transfor- 
mation); for a vertical stretch or compress the X axis plays that 
role. The combinded ¢fiect of a horizontal stretch or comor“ess 
and a vertical stretcn cr compress by the same amount is 
transformation which multipiies all distances by that amoun 
whose center or fixec sini Is the origin (since the origin is the 
tersection of the fixed lines of the two component transfo-~2 
tions). 

SL: SLide. This slides (or trans!ates} function 1 norizontally of ves: 
tically by the amount specified. For horizontal slides a positive 
amount means a stide to the right and a negative amount means 3 
ane to the left. Positive is up and negative is down for vertical 
slides. 
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Name 


CH-COMPRESS SLIDE (OR TRANSLATE} REFLECT 
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AT: Reset Transformations. This resets the transformatc 
the identity transformations: no reflection, stretch-compress 
factor of 1, and siide by the amount of 0. 

DT: Display Trasformations. This displays the current sit > 
transformations. For each direction (norizontal and vet:ca 2 
single number represents both reflect and stretch-compress: 3 
negative number indicates that there js a reflection in that ove: 
tion, while a positive number indicates the absence of 72 
and the absolute vatue of the number gives the amount o! 
ching or compression. 


Same Geometric Transforamtions 



































Transtor- Haw To Compensate 
mation Its fts Effect on Forits Ettect 
Parameters a Single Point Formula tot a Beane 
Vertically Moves (x, ¥) Raptace ai! occurences 
(about the X axis} tax -y?} oty with -y 
4 + 
Horizontally Gy) cee { Replace 
(about the Y axis} \ (-xyi | awith -* 
+ — Sra: a 
Vertically 
by an amount k tayo Reptace 
(xy +h) y with yo 


{k>0 is a slide up: 
k>0 is a slide Cow; 


Horizontaliy 

















by an amount h L(xY) me Replace 
(x + Py) xowith a =F 
(h>0 is a slide righ: 
h>O is a stide tetty 
Vertically (with the X ais | | 
as tne fixed tine} He) oid } Replace 
by a factor of b (b> (x,Dy) | yowath yb 
is a Stretch; O>6>% 
is a compress) H 
— I 
Horizontally (with the 
axis as the fixed line! EX ,Y) oeerer me Reptace 
by a factor of a{a>t {ax,y) xwith xa F 
is a stretch, O>a>? i 
is a compress ! 
es Coe — 
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Example of the use. of Transformations: : 
Suppose you consider the original function desig 
(the one which comes as part of the orogram) as a my: 
tion and attempt to discover its formula graphically, fo: 2win2 
pattern given in section C.2. of the introduction. You stat fT. 
graphing it as a dashed curve and. then choose Y = aan 
function likely to be similar to the mystery function. 
X? as F1 and graphing it, you get a picture something ii 
at the beginning of this documentation, except that th 
tion graphs have the same shape (and orientation) anc 
in placement. A horizontial slide and a vertical slide are > 
to transform the known function Y = X7 into the mystery furs 
By sliding the known function 1.5 units to the right y 
graphs horizontaily, the formula Y = (X - 1.5)? rep 
transformed function. Suppose you now slide vertical: 
amount — 2. When you graph the result, you see that you 
yet matched the mystery function. (To discover exacts : 
transformation is needed , it may heip to change the Y interva *> 
go from -3 to 0 and then to redraw the two graphs.) if 
slide down anotner .25 units, the graph of the result co 
with the grapn of the mystery function, filling in tne gar 
dashed graph. Tne net verticai slide is ~ 2.25 (you can cont 
this by using the command DT to display tha transformatcns co 
rently in effect}, so the finat formula for the transformec !. 
is 



























Y -— ( - 2.25) = (X - 1.5)? 

orY + 2.25 = X? ~ 3X + 2.25 

orY = X? - 3X 
{f you list line 350 of the program, you wil! see that this :s cee: 
the formula for the mystery function. 
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LOADING INSTRUCTIONS 


1, Press “RESET” key. (asterisk and cursor appear) 

2. Hold the "CTAL” key down and press the "B" key. Then crass 
“RETURN”. ‘ 
3. if working with DOS type In FP to load in Applesoft tt bas-:. 
otherwise Icad Applesoft li basic from cassette. 7 

4. Type “LOAD" and press “RETURN” and start tape reccrder. 
5. When the cursor reappears type “RUN” and press “RETURN” 


Note: If you wish to speed up the introductory informat:s- 
displayed at the beginning of the program type “Run 
8900"' instead of "RUN". 


GUARANTEE 


POWERSOFT, INC. guarantees the playback of its pre-recercec 
tapes when purchased naw, provided the playback head of : 
tape recorder used is properly aligned. Alt pre-recorded tapes are 
Produced on the finest quality professional duplicating epu : 
ment available. The program is recorded at ieast twice on the iG 
cassette. 








“* 


